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BNL Wide Band. Proton Energy = 28 GeV
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Oscillation Nodes for ∆m2 = 0.0025 eV2
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BNL-HS  2540 km

sin22θ23 = 1.0

∆m32
2 = 2.5e-3 eV2

1 MW 0.5 MT 5yr

No oscillations: 13290 evts

With oscillations: 6538 evts

Bckg in oscillated signal: 1211 evts

�(i�~g��f�} M pÄ�=�H}q|�m�f���¥2b/czh�}�m�}q| mn}qhY} �g}�j�m�owikjÍl0ÿ=s Z�r£¡Bh�} mn}q| mnbgf)l�mwþ Z M ÿ���¥ cãf�bg¥2��§/�éikj�|q�k��h�ikj�~
���:lxo�ik}q�klxo�m�ik|6o�i�~gj:lx��lxj�h
aªa6ceo�ikj�~g��})��ikbgj��:lx|µ��~gf�bg��j�hAs�{N})�:l��g}ªlxo�o���¥¦}qhèügsöÿ/r-{ b/c:�H}�l�¥��Hb�u�}�f
lxj�h Z�Øx}�lxf�o^b/c�f���j�j�ikj�~�s(¡ª��}�mnbg�Y��iko�m�bg~gf�lx¥[i�o�u^i�m���bg��m�bgo�|�ik����l�m�ikbgj�o $ mn��}Q¥¦ikh�h��k}F}qf�f�bgfw�:l�f�o^lxf�}
u^i�m��%bxo�|qi��k�kl�mni�bgj�o�l�j�h%m���}ç��bxm�mnbg¥ ��iko�mnbg~gf�lx¥ i�o
m���}ç|qbgj�m�f�ik����mni�bgj%bXc!m���}£��lx|µ��~gf�bg��j�hñmnbàmn��}
bgo�|qik����l�m�}qhYo�ik~gj:l��Abgj��vØgs@¡ª��iko^����bxm^iko cãbxf \^] UY U  ÿ0/îÿgÿ�þ Z 	q« U s@¡ª��}�}qf�f�bgf^�:lxf�oF|�bgf�f�}qo���bgj�h£mnb
mn��}
o�mnl�mni�o�m�ik|�l��A}qf�f�bgfF}ea=�H}q|�m�}qhéi�j-m���}���ikjAs)¢[ü�ÿ�� h�} mn}�|�mnbxf!}�j�}qf�~xØ-f�}qo�bg�k�=mnikbxj-i�oFlxo�o���¥Í}�hAsª¢wmF�kb�u
}qj�}qf�~xik}qowm���}Q�:}qf�¥Íi�¥Íb��x}q¥¦}qj�m�y�u^��ik|µ�Yiko�ikj�|��k��h�}�hYikjòo�ik¥�����l�m�ikbgjAy�u^i��k�Hh�bg¥¦ikj:l�m�}Fm���}Qf�}�o�bg����mni�bgjAs

ü M



νµ DISAPPEARANCE

0

50

100

150

200

250

0 1 2 3 4 5 6 7 8 9 10

Reconstructed Energy (GeV)

E
ve

nt
s/

bi
n

BNL-HS  2540 km
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2 = 1.0e-3 eV2

1 MW 0.5 MT 5yr

No oscillations: 13290 evts

With oscillations: 4927 evts

Bckg in oscillated signal: 910 evts
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Contour definitions:
68 %
90 %
99 % Disfavored at 99% CL.

Spectral Shape Oscillation Analysis
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P(νµ→νe) with 45o CP phase
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P(νµ→νe) L=2540 km

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Eν (GeV)

P
ro

b
ab

ili
ty

BNL-HS  2540 km

sin22θij (12,23,13) = 0.8/1.0/0.04
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P(νµ→νe) with 45o CP phase
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q2 in lab frame of NC (νNπ0) events
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π0 Energy in NC(π0) events
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π0 rejection vs energy
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Background for νµ→νe
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Backg. only νe  70 evts
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∆mij

2 (21,32) = 6.0e-5/2.5e-3 eV2

1 MW 0.5 MT 5yr

Total Signal+backg: 346
Total Backg: 146
νe Backg: 70
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sin22θij (12,23,13) = 0.8/1.0/0.04
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2 (21,32) = 6.0e-5/1.5e-3 eV2

1 MW 0.5 MT 5yr

Total Signal+backg: 402
Total Backg: 146
νe Backg: 70
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90 % C.L. for Sin2(2θ13)
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90 % C.L. for Sin2(2θ13)
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sin22θij (12,23,13) = 0.8/1.0/0.06
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2 (21,32) = 6.0e-5/2.5e-3 eV2

1 MW 0.5 MT 5yr
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CP -45o: 368  evts
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Effect of δCP in 3 energy bins
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90, 95 % C.L. for δCP vs sin2 2θ13
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90 % C.L. for δCP vs sin2 2θ13
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90 % C.L. for δCP vs sin2 2θ13
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90 % C.L. for δCP vs sin2 2θ13
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90 % C.L. for δCP vs sin2 2θ13
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νµ → νe Oscillation
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0 Unnatural Mass Hierarchy
m3<m1<m2
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Anti-νµ → Anti-νe Oscillation

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

0 1 2 3 4 5 6 7 8 9 10

Eν GeV

P
ro

b
ab

ili
ty

BNL-HS  2540 km
sin22θij (12,23,13) = 0.8/1.0/0.04
|∆mij

2| (21,32) = 6.0e-5/2.5e-3 eV2

Anti-Neutrino Running
(UH) Unnatural  Hierarchy CP=0
(UH) Unnatural Hierarchy CP=180

�(i�~g��f�}Íþ/b=p0��f�bx�:lx��i��ki�meØ3cãbgf)�N�O3P �N4Q�bgo�|qik����l�m�ikbgj�oQlxo�l cã��j�|�mni�bgj�b/cªlxj�m�ivcej�}q��m�f�ikj�b-}�j�}qf�~xØ�cãbgf�l
�:lxo�}q��ikj�}òbXc�þ/Z M ÿ?��¥-s�¡ª��}çmeu)bà|q��f��g}�o¦|�bgf�f�}qo���bgj�h�m�b<��j�j:ldmn��f�lx�w¥Ílxo�o���ik}qf�lxf�|µ��Ø �5n/�-��u^i�m��
( *�+  ÿ � �ã����lx|µ� �5y�lxj�h ��j�j:l�m���fnlx�6¥Ílxo�o���ik}�fnlxf�|µ��Ø �<n/���Qu^i�m�� ( *�+  ü _ ÿ � �¹f�}�h � s-¡ª��}òb�mn��}�f
�:lxf�lx¥¦}�mn}�f�oFlxf�}Qikj�h�i�|�l�m�}qhçikjYm���} �:~g��f�}xs

M b



0

0.2

0.4

0.6

0.8

1

1.2

0 1 2 3 4 5 6 7 8 9 10

Eν GeV

Q
.E

. C
ro

ss
 s

ec
ti

o
n

 1
0-3

8  c
m

2

Neutrino

Anti-Neutrino

�(i�~g��f�}�Rgÿ�p@a�f�bgo�o�o�}q| mni�bgj�cãbgf ���:l�o�ik}���lxo�mni�|/}��x}qj�mno�s N�Q � : P 	�� � �icãbgf)j�}q��m�f�i�j�bgoªlxj�h �N4Q � � P
	 	 � : cãbgf^lxj�m�ivcej�}q��m�f�ikj�bgoqs

Zxÿ



ê cªmn��}�f�}òi�o�j�bé}ea=|q}�o�oWb/c^}��k}�|�mnf�bgj=cÎ�kik��}Í} �g}�j�m�oWikj�mn��}Ío��H}q|�m�f���¥Eo���|µ��l�o��(i�~g��f�}�R�ü¦mn��}�j�lxj
�����H}qf���ik¥¦i�m�|�l�jW��}ªbg�=mµlxi�j�}qhWbgj�m���}ª�:lxf�lx¥¦}�mn}�f�o�\^] UU W �g}�f�o���o6o�ikj$U�þ/VXW U sÄ�=��|µ�Íl	bgÿ���|qbgj �:h�}qj�|q}
�k} �g}��R�kik¥¦i�m6i�owo���b�u^j£ikjç�(i�~g��f�} R M sÄ¡ª��i�oª�ki�¥Íivm)u�lxo^bg��mnlxikj�}�hY��o�i�j�~Wo�mnl�mni�o�m�ik|�l��z}qf�f�bgf�oFlxj�h-lòü�ÿ��
o�Ø�o�mn}q¥Íl�m�ik|�}qf�f�bgf^bgj£m���}��:lx|µ��~gf�bx��j�hAsª¡ª��i�o^}ea=��}�f�i�¥Í}�j�m!|�l�j?|qb��x}qf/¥¦bgo�m!bXc(mn��}0��r£¢�o�bg����mni�bgj $
i c�m���}Q�:lx|µ��~gf�bg��j�h-|�lxj-�H}Q¥Í}qlxo���f�}qh-��} m�m�}qfªbgfªo�������f�}qo�o�}qh cã��f�m���}qfªmn��}qj-lx�k��b/c�mn��}���r£¢Sf�}�~gikbxj
|qbx���khç�H}�|�b��g}qf�}qhAs

�=��|µ�Nlç¥¦}�l�o���f�}q¥¦}qj�m0bXc)m���}
�:lxfnl�¥Í} mn}qf�oQ~gb��g}�f�j�i�j�~-m���}
o�bg�klxfQj�}���mnf�ikj�b-lxj�bx¥èlx�vØ?i�j<mn��}�N4Q
lx���H}�l�fnlxj�|�}�¥¦b�h�}�iko ���:lx�kivmµl�m�i��x}q��Ø¦�g}�f�Ø-h�i �z}�f�}qj�m cãf�bg¥ ¥Í}qlxo���f�}q¥¦}qj�mno!ikjYmn��}���§/û }ea=�H}qf�i�¥Í}�j�m
bgf¦�kbgj�~9�:l�o�}q��ikj�}-f�}qlx|�m�bgfè} a=��}�f�ik¥¦}qj�m�oèo���|µ�Blxoò�Q¢�r?�R¢�§/t �îþgþ��/l�j�h4|qbxj �:f�¥¦o
mn��}£j�}q��m�f�i�j�b
bgo�|qik����l�m�ikbgjÍ��ik| mn��f�}�ikj-lW��o�}ecã����j�}�uU¥Íb�h�}xs

� V�� � G��S*-,/.0���"��1����� ��@�YDª ��:�( ���6� �@��CI7��:	)6�:�@1

�:bgf�¥Íbxo�m�b/c�m���iko�h�b�|q��¥Í}�j�m�u)}è�:l��g}Ío���b�u^jNm���}¦��bgo�o�i����k}Wf�}qo�����mno�b/cwf���j�j�i�j�~çu^i�mn�9lçj�}q��m�f�i�j�b
�H}�lx¥ cãbgf�l�mnbxmnlx�"b/c�lx�Hbg��mdZ�Øg}qlxf�oªbXcR��fnl�|�mni�|�lx�Hbg�H}qf�l�mni�bgjAs(¡ª��}Qlx|�m��:lx�Hf���j�j�ikj�~0|qbgj�h�i�mni�bgj�o@u^ik���Ìy
b/c�|�bg��f�o�}xy�h�}q�H}qj�hYbgjÍmn��}�����Ø�o�ik|qoªf�}qo�����m�o�mn�:ldm�u^ik���"��}!��f�b�h���|�}qhçlxo�m���}�} a��H}qf�ik¥¦}qj�mw��f�bg~gf�}qo�o�}qo�s
¡ª��}�~xf�}�ldmQlxh���lxj�mnlx~g}0bXc�mn��i�o!��f�bg�Hbgo�}�h<��f�bg~xfnlx¥�iko^mn��l�m�ivm/i�o/o�bèf�ik|µ�?ikj?ivmno!����Ø=o�ik|�o�f�}qlx|µ�émn�:ldm
ik¥¦�Hbgf�mnlxj�mªj�}�u ����Ø=o�ik|�o!f�}qo�����mnoªu^i��k�A|�bg¥Í}	cãbgf�mn�-lXcÒm�}qf^}��x}qf�ØçØx}�lxf^b/c(f���j�j�ikj�~�s@¡ª��}�o�}�f�}�o����vmnoqy"i�j
mn��f�jAy�u^i��k�zh�}�mn}�f�¥¦ikj�}�m���}�|µ�:lxf�lx|�m�}qfFb/c(f���j�j�i�j�~^cãbgfwmn��}�j�}ea�m/�H}qf�ikb�hAs

�:bgfW}ea�lx¥¦���k}�y�l4cÒmn}qfWbxj���Ø lx��bx��mèþéØx}�lxf�oÍbXc/f���j�j�i�j�~<u�}çu^ik�����:l��g}£lé�g}�f�Ø lx|�|q��f�l�mn}-h�}�m�}qf'c
¥¦ikj:l�m�ikbgj£b/c \^] UY U l�j�hào�ikj UzþXV U Y�s�¢wm�m���ikoQo�mµlx~x}xyAi c6u)}Wo�}�}¦lòo�����o�mµlxj�m�i�lx�Ä�H}�l��£i�jémn��}W}��k}q| mnf�bgj
o��H}q| mnf���¥ l�mÄm���}ª}ea=�H}q| mn}qh¦}qj�}qf�~�Øgy�u�}wu^i��k���:l��g}^o�m�f�bgj�~Q}���ikh�}�j�|q}dcãbgf�mn��}ªj:ldmn��f�lx��¥Ílxo�o(��ik}�fnlxf�|µ��Ø
�Û§!���(l�j�h�mn��}�j
|qbgj�mni�j���}ªf���j�j�ikj�~!u^i�mn�Wj�}q��m�f�ikj�bgo(mnbQh�}�mn}�|�m�m���}w��f�}qo�}�j�|q}^b/czaw�à�=i�bg��ldmnikj�~Fm�}qf�¥¦oqs
����m�i cwu)}Yo�}�}Yj�bé}q��}q| mnf�bxj o�ik~xj:lx�Ìy�u�}Íu�bg���kh mn��}qj o�u^ivmn|µ� mnbélxj�mnikj�}q��m�f�ikj�b?f���j�j�ikj�~�s��=ikj�|q}òldm
��i�~g��}qf�}qj�}�f�~gi�}qo � � R�� 	���� y=m���}�lxj�mni�j�}q��m�f�i�j�b����:lxo�ik}q�klxo�m�ik|�|�f�bgo�o^o�}q| mni�bgjçiko^ýxÿ���b/c�mn��}Qj�}q��m�f�i�j�b
���:lxo�ik}q�klxo�m�ik|Í|qf�bxo�oWo�}�|�m�ikbgjAy�ivm�u^i��k�6j�bxm�mnlx�x}òl?�g}qf�Ø �klxf�~g}èlx¥¦bg��j�m�b/cFl�j�m�ikj�}���mnf�ikj�b?f���j�j�ikj�~?m�b
o�}�}èlç�H}�lx�<i�j�m���}
��bgo�i�m�f�bgjào��H}q| mnf���¥ l�m�mn��}¦}ea=�H}q|�m�}qh }�j�}qf�~xØài c)o�i�j U þ/VXW<Y0i�o � ÿ0/îÿ�ü
u^i�mn�àmn��}
��j�j�l�mn��f�lx��¥èlxo�o���i�}qfnl�f�|µ��ØgsQt�} mn}�f�¥¦ikj:l�m�ikbgjçb/c�m���}�¥Ílxo�o!��ik}�fnlxf�|µ��Ø?i�o/��Ø?ivmno�}q� c�lè¥èl%&�bgf!~xb�lx��b/c
mn��ikoª}ea=�H}qf�ik¥¦}qj�mµlx�R��f�bg~gf�lx¥-s

ê c(m���}Q�xl��k��}�b/c�o�i�j U þ/VXW<Y/i�owmnb�b¦o�¥èl��k�Ìy=bgj�}Qu^ik���zo�mnik���A|qbx¥Í����}�m�}�mn��}�}ea=�H}qf�ik¥¦}qj�mµlx�R��f�bg~gf�lx¥[m�b
h�} mn}qf�¥Íi�j�}:\^] UU W ikjàmn��}Íl�����}qlxfnl�j�|q}¦¥Íb�h�}�y�l ���:lx��i�mµldmni��x}q�vØ?h�i �z}�f�}�j�m�¥¦b=h�} cãf�bg¥ m���}è��§�û[bxf
mn��}��Q¢�r?�R¢�§/t�}ea=�H}qf�i�¥Í}�j�mnoqy"l�j�h?lW|�bgj �:f�¥èl�m�ikbgjYbXc�m���}�bgo�|�ik�k�kl�mni�bgjè��ik|�m���f�}Qu)}�j�b�u��:l��g}�s

ê m^o���bx���kh-lx��o�bW�H}���bxikj�mn}�h-bx��mwmn��l�mFlx��m���bg��~x�òmn��}�lx��o�bg����mn}�h�}�mn}�f�¥¦ikj:ldmnikbxjòb/c.\^] UY U ¥Íl�Øò�H}
�ki�¥Íivmn}�hW��Ø¦o�Ø=o�mn}�¥èl�m�ik|F}qf�f�bgf�o)bgj¦mn��}!}qj�}�f�~xØ¦o�|�lx��}xy�mn��i�o)o�Ø�o�mn}�¥èldmnik|F}qf�f�bgf6iko@}��kik¥¦ikj�l�mn}�h
u^��}qjèu)}

Z=ü



νe APPEARANCE FROM ∆m21
2 ONLY
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BOOSTER

High Intensity Source

plus RFQ

To RHIC

400 MeV

800 MeV

1.2 GeV

To Target Station

AGS
1.2 GeV � 28 GeV

0.4 s cycle time (2.5 Hz)

0.2 s 0.2 s

200 MeV

200 MeV Drift Tube Linac

Superconducting Linacs
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